The use of poorly treated water in hemodialysis centers may lead to fungal contamination, which poses a serious threat to immunologically debilitated hemodialysis patients. This study aimed to isolate and identify yeast species in the water of a Brazilian hemodialysis center by using classic microbiological techniques and Raman spectroscopy. For 12 months, a total of 288 water samples were collected from different points of the hemodialysis treatment distribution center. One hundred and forty-six yeast species were isolated and identified in the samples that tested positive for the presence of yeasts such as Candida parapsilosis (100 isolates, or 68.50%), C. guilliermondii (17 isolates, or 11.65%), Rhodotorula mucilaginosa (23 isolates, or 15.75%), R. glutinis (three isolates, or 2.05%), and Trichosporon inkin (three isolates, or 2.05%). Yeast susceptibility to the antifungal fluconazole was also assayed. Only two C. guilliermondii isolates were resistant to fluconazole: the minimal inhibitory concentrations were higher than 64 μg/mL. The different yeast species present in the water of a Brazilian hemodialysis center call for more effective water disinfection procedures in this unit. Raman spectroscopy is an excellent tool to identify yeast species and is potentially applicable in routine water monitoring in hemodialysis units.
INTRODUCTION
Patients with renal failure often have a compromised immune system and are more susceptible to infection by pathogens and opportunistic microorganisms, including fungi. During each hemodialysis session, renal failure patients are exposed to 25 times more water than a healthy subject drinks on a typical day, which corresponds to weekly and yearly exposure of hemodialysis patients to 400 and 20,000 L of water, respectively (Pontoriero et al. ; Nystrand ; Schiavano et al. ) . Furthermore, the thin dialysis membrane between the patient's blood and the dialysis fluid might make direct transfer of toxins to the bloodstream easier, adversely affecting the hemodialysis patient's outcome (Hasegawa et al. ) . Therefore, knowing and monitoring the chemical and microbiological purity of the water employed in dialysis is crucial (Pontoriero et al. ) .
Fungi account for a spectrum of diseases that range from minor superficial skin and mucous membrane infections to life-threatening systemic involvement of internal organs (Prasad & Gupta ) . In recent years, fungal infections have received increasing attention, especially in hospitals where fungi have emerged as a leading cause of hospitalacquired infections (Richardson & Lass-Florl ) . However, literature data on the isolation and identification of these organisms in dialysis water are scarce.
The source of the water used in hemodialysis consists basically of drinking water, purified by various techniques.
Origin determines water composition and quality. Brazilian hemodialysis units frequently use reverse osmosis to treat water. Typically, water from the public supply passes through mechanical filters, water softeners, charcoal filters, deionizers, and the reverse osmosis filter. Then, this water is stored in tanks for subsequent distribution through polyvinyl chloride (PVC) tubing to the whole hemodialysis unit water system (Montanari et al. ) . The system tubes, tanks, and faucets can become yeast reservoirs where biofilms might form. These biofilms are extremely difficult to eradicate by chemical or mechanical means (Silva et al.  Vibrational spectroscopy techniques like Raman spectroscopy allow for simple, rapid, and accurate microbial identification. According to Guimarães et al. () , the Raman scattering effect is an inelastic process that occurs when a sample is illuminated with a strong monochromatic light source (such as a laser beam). In this process, energy from the incident photons is transferred to the sample molecules, which excites the molecules to high vibrational modes. Scattered photons have lower frequency than incident photons because energy is lost along the scattering process. The shift in the excitation radiation frequency corresponds to the different vibrational frequencies of the sample material molecules. Because each molecule has its own characteristic Raman spectrum, Raman spectroscopy aids determination of sample composition.
Taking account of the high risk that fungi pose to hemodialysis patients, the lack of more effective measures to disinfect dialysis water, and dialyzers reuse in Brazilian hemodialysis units, we aimed to isolate and identify yeast species that were present in a hemodialysis center located in the interior of the state of São Paulo, Brazil, by using classic methods based on culture procedures and Raman spectroscopy analysis. We also evaluated yeast susceptibility to fluconazole.
MATERIALS AND METHODS

Samples and collection points
This study was approved by the Research Ethics Committee of the University (REC) of Franca and was registered under number 023/05.
Over a 12-month period, a total of 288 water samples (Table 1) were collected in a hemodialysis unit affiliated with a public health service located in the interior of the state of São Paulo, Brazil. The water samples were collected from different points of the hemodialysis treatment distribution system represented by the supply network (I); postosmosis room (II); dialysis rooms A (III), B (IV), and C (V); osmosis reservoir (VI); reuse rooms A (VII), B (VIII), and C (IX); and dialysis machines A (X), B (XI), and C (XII) ( Table 1 ).
The samples were collected according to the methodology recommended by Standard Methods (APHA, AWWA, WEF ). Each sample (1,000 mL each) was collected after free flow for 3 to 5 min. The samples collected from the water supply network (I) were treated with 1 mL of 1.8% sodium thiosulfate per liter, to remove residual chlorine (Standard Methods APHA, AWWA, WEF ).
All the water samples collected from different points (1,000 mL each) were filtered through a cellulose acetate membrane (0.22-μM pore size, Millipore, SP, Brazil) on a filtration ramp (Sartorius). The membrane was placed on a Sabouraud dextrose agar (SDA) plate (Difco) supplemented with chloramphenicol at 30 C for 7 days. The flasks employed to collect water at the different points were sterilized in an autoclave. Only sterilized flasks were used for each collection point at the hemodialysis unit.
Organism identification
The 288 water samples were processed, and the yeast species were defined on the basis of colony morphology, germ tube test, chlamydospore formation on Tween 80 cornmeal agar (Difco), and pattern of assimilation of a variety of carbon and nitrogen sources. The results were compiled and analyzed as previously described by Kurtzman & Fell () .
All the fungal isolates were stored at À80 C in the microbiology laboratory of the University of Franca, SP, Brazil.
Before being used, frozen stocks were recovered from storage by growth on Chromagar Candida medium (CHROMagar Microbiology, Paris, France) or SDA supplemented with chloramphenicol for Candida and non-Candida species, respectively.
Yeast identification by Raman spectroscopy
To identify the yeast isolates, the following yeasts were used 
Data analysis
Before multivariate statistical analyses, principal component analysis (PCA), a well-known method that reduces dimensionality in a data set, aided data reduction. The maximum number of n À 1 PCs was calculated (n being the number of spectra in the analysis), which typically accounted for 99 to 100% of the variation in the data set (Maquelin et al. ) .
Susceptibility to fluconazole
The susceptibility of all the identified yeast species to fluconazole was tested by the agar disc diffusion method 
RESULTS
A total of 288 water samples were collected from the hemo- Table 2 ).
Regarding the collection point, isolates were detected as follows:
• Table 2 ). Figure 1 presents the Raman spectroscopy results.
Different spectra, typical of various yeast species, were recorded. These spectra were submitted to multivariate analysis and were transformed into matrixes for analysis of the results. PCA allowed us to identify which yeasts were present in the hemodialysis center water. The spectral groups, obtained from the main information, decreased, which showed that different yeast species were present in the water, namely C. parapsilosis, R. mucilaginosa, C. guilliermondii, R. glutinis, and T. inkin (Figure 2 ).
Susceptibility to fluconazole was assayed by the agar disc diffusion method; the 146 yeasts isolated from the hemodialysis center water samples were tested. Only two C. guilliermondii isolates were resistant to fluconazole. Susceptibility of the two C. guilliermondii isolates to fluconazole was also assayed by the microdilution assay.
The two isolates presented minimum inhibitory In this study, 136 (47.2%) of the 288 water samples collected from a hemodialysis center tested positive for yeasts.
Yeasts (146) In our study, we used Raman spectroscopy together with a statistical approach (PCA) to identify the yeast species that were present in our hemodialysis center water. We detected the following species: C. parapsilosis, R. mucilaginosa, C. guilliermondii, R. glutinis, and T. inkin. In a study con- 
CONCLUSION
Raman spectroscopy is an excellent tool to identify yeast species and is potentially applicable in the routine monitoring of water in hemodialysis units, providing early diagnosis and reducing morbidity and mortality rates in hemodialysis patients. Two potentially pathogenic C. guilliermondii isolates presented resistance to fluconazole, suggesting that immunocompromised patients treated at the center where these isolates were detected are at risk of contamination.
Therefore, local health authorities must monitor water in hemodialysis units on a regular basis. It is also necessary to implement more efficient water disinfection procedures and to reduce dialyzer reuse in this hemodialysis center.
